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EXECUTIVE SUMMARY 

The purposes of this Indian Ripple Road at Factory Road intersection study are to evaluate the 
existing safety performance, estimate future demand and to identify potential improvements to reduce 
congestion and traffic crashes. This intersection is a two-way stop intersection in the current 
condition, where Factory Road and the park access drive are under stop-control and the Indian Ripple 
Road approaches are free-flowing.  
 
Of the 22 crashes reported during the five-year analysis period between 2017 and 2021, 8 crashes are 
intersection related. Thirty-six percent of the crashes at Factory Road resulted in minor injuries. 
Angle, rear end, and left turn crashes are the primary crash types. 
 
Based on 2022 traffic conditions, Factory Road approach operates at LOS C during the AM and at 
LOS F during the PM peak. By the design year 2045, this approach will experience significantly 
higher delay during the PM peak. Beavercreek High School is anticipated on the southeast corner of 
Indian Ripple Road and Alpha Bellbrook Road intersection, about 0.75 miles west of the study 
intersection. The build conditions further increase the delay for the southbound approach, indicating 
that the existing geometry and configuration will be insufficient to meet the projected traffic demand. 
The following countermeasures are recommended for implementation to improve operations and 
safety at the study intersection: 
 
SHORT TERM 

 Replace the existing ‘T-intersection ahead’ warning sign with a ‘4-leg intersection ahead’ 
warning signs on the east leg of Indian Ripple Road.  

 Evaluate and relocate the curve warning sign and advisory speed plaque assembly on the 
southwest quadrant away from the line of sight for northbound drivers. 

 Maintain clear sight triangles by clearing vegetation on the southwest quadrant 
especially during the warmer months. This also applies to northeast quadrant so drivers on 
Indian Ripple Road can see stopped cars on Factory Road that are waiting to complete a turn. 

 Traffic Signal: Install a traffic signal without changing intersection geometry. This 
alternative provides an acceptable LOS B or better through the design year. 

 Speed Management: Based on the speed count, the 85th percentile speed of westbound 
vehicles on Indian Ripple Road approaching Factory Road is 58 MPH. Drivers speed past the 
curve as they approach the bridge, install radar speed feedback signs and larger intersection 
ahead warning signs with an advisory speed plaque or signal ahead flashers. The advisory 
speed should be such that drivers stop safely for a red signal at the intersection.  

The cost for short term improvements is $260,000. 

MEDIUM/LONG TERM 
 Add left turn lanes: Assuming a traffic signal was installed as a short-term measure, add left 

turn lanes on Indian Ripple Road approaches. This build alternative provides an acceptable 
LOS B or better. The project cost for this alternative is $2.72 million and includes widening 
the existing bridge over the Little Miami River. The safety benefit of this alternative is 
$315,000 and the safety benefit-cost ratio is 0.12. 

A roundabout alternative was evaluated but deemed not practical for this location due to existing 
constraints: the Little Miami River runs parallel to Factory Road, ecological concerns with impacts to 
park districts, and impacts to the residential community in the northwest quadrant. 
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INTRODUCTION 

BACKGROUND 
The study area includes the CR 36/Indian Ripple Road and Factory Road intersection in Beavercreek 
Township, Greene County. A project location map is provided in Figure 1. As shown, the 
intersection has unique constraints:  the Little Miami River runs parallel to Factory Road on the east 
side, the Narrows Reserve Park is on the south side of the intersection and is an Ohio Department of 
Natural Resources (ODNR) property. A residential community exists on the northwest quadrant, and 
a steep upward grade is noticed from the physical intersection towards the houses. 
 
FIGURE 1: PROJECT LOCATION MAP 

 
 
PROJECT PURPOSE AND SAFETY NEED 
The purposes of this study are to evaluate the existing safety performance, estimate future demand 
and to identify potential improvements to improve safety and capacity at the Indian Ripple Road at 
Factory Road intersection. 
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EXISTING CONDITIONS 

LAND USES 
Land uses on along Factory Road and Indian Ripple Road are residential, in general. The parcel on the 
south side of the intersection is the Narrows Reserve Park, owned by the ODNR, and Little Miami 
River runs parallel to Factory Road on the east side.   
 
INTERSECTION CONDITIONS 
Indian Ripple Road and Factory Road are two-lane roadways, Indian Ripple Road is functionally 
classified as a Minor Arterial and Factory Road is a Major Collector. Both roadways have 9-foot to 11-
foot lanes with a paved shoulder width varying between none to 2 feet. Intersection geometry is shown 
on Figure 2, no dedicated turn lanes are currently provided. The intersection control is an all-way stop 
and includes ground mounted STOP signs. The posted speed limit along the west leg of Indian Ripple 
Road is 50 MPH. Speed limit signs were not located on the east leg or Factory Road. 
 
FIGURE 2: LANE CONFIGURATION AT INDIAN RIPPLE RD/FACTORY RD INTERSECTION 

 
 
Field Observations: 
Field observations were performed during the PM peak hour.  

 Traffic flow was smooth in general. Some queueing was observed on the southbound approach 
during the PM peak 

 Stop signs are provided on the near side along Factory Road and park driveway approaches. 

 Advance ‘Stop Ahead’ warning sign is posted on the southbound Factory Road approach to 
remind drivers of the downstream stop-controlled intersection. (Figure 3) 
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FIGURE 3: ADVANCE ‘STOP AHEAD’ WARNING SIGN - FACTORY RD APPROACHING INDIAN RIPPLE  

 

 The intersection sight distance must be measured between 14.4’ and 17.8’ from the edge line, 
and for the Factory Road approach this point is at the stop line. The available sight distance 
from the stop line is 590 feet to the right. This distance meets the intersection sight distance for 
a design speed between 50 MPH and 55 MPH. During the site visit, it was noted that drivers 
regularly pull past the stop line to have a clear view of approaching vehicles before they could 
complete their turn.  

Southbound drivers looking left have reasonable line of sight up to guardrail terminus on the 
north side of Indian Ripple Road, approximately 810 feet measured along the roadway. 
However, the east leg is on a curve and, as shown on Figure 4, depending on the vehicle type 
and driver eye height above ground, guardrail and the utility pole will likely be in the sight 
triangle. If vehicles are stopped near the STOP sign, then vegetation further blocks driver’s 
view. Also, it is hard for drivers to gauge accurately the speed of a vehicle approaching on a 
curve when compared to a straight section. 

FIGURE 4: FACTORY RD APPROACH AT INDIAN RIPPLE RD, LOOKING LEFT FROM STOP LINE 

 

 South leg/the Narrows Reserve Park driveway is primarily busy during the warmer months. The 
park provides access for kayak/canoe trips on the Little Miami River. On this approach, the 
stop line marking is faded and is no longer visible. Drivers stop near the stop sign, but 
vegetation and traffic signs to their left restrict visibility of oncoming vehicles on Indian Ripple 
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Road. Figure 5 shows the line of sight for drivers on the park drive and the traffic signs and 
vegetation blocking view, and oncoming vehicles are visible for only a short distance. Drivers 
move forward to have a clear view of oncoming traffic, and this sometimes leads to vehicles in 
the path of eastbound vehicles and resulting in a crash. The available sight distance for this 
approach to the right seemed reasonable.  

FIGURE 5: NORTHBOUND FACTORY ROAD AT STOP LINE – LOOKING LEFT  

 

 The vegetation and signs are also a sight distance constraint for eastbound drivers on Indian 
Ripple Road from the ability to see northbound vehicles waiting at the stop line. If drivers can 
see an intersection and queued vehicles within stopping sight distance, then drivers are likely to 
react and stop safely without resulting in a crash. Sight distance restriction on a high-speed 
approach leads to insufficient braking distance and increase the chances of a crash. 

 Indian Ripple Road approaches include intersection ahead warning signs, however, these signs 
indicate that a 3-leg intersection exists ahead. This may mislead drivers, and not be aware of the 
park drive as the fourth leg or anticipate vehicles from this approach. 

FIGURE 6: INTERSECTION AHEAD WARNING SIGN ON INDIAN RIPPLE RD 
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TECHNICAL ANALYSIS 

TRAFFIC DATA COLLECTION 
Intersection turning movement volumes were collected at the study intersection on May 4, 2022. The 
AM peak hour was identified as 6:15 AM to 7:15 AM and the PM peak hour was 3:45 PM to 4:45 PM. 
Appendix A includes the traffic count reports. 
 
Speed counts were also conducted along Indian Ripple Road on either side of the intersection. The east 
side count location is on the tangent section just east of the Little Miami River bridge. The second count 
location is just east of James River Road. When compared to the posted speed of 50 MPH, the observed 
speeds along the east leg of Indian Ripple Road are high, especially within 300 feet of Factory Road 
intersection. 
 
TABLE 1: SPEED COUNT SUMMARY – 85TH PERCENTILE SPEED 

LOCATION EASTBOUND WESTBOUND 

Indian Ripple Road, East of Factory Road 54 MPH 58 MPH 
Indian Ripple Road, West of Factory Road 49 MPH 49 MPH 

 
The detailed count reports show that the 85th percentile speeds for westbound vehicles on the east leg 
are over 60 MPH during the AM peak between 6 AM and 8 AM. 
 
FUTURE TRAFFIC VOLUMES 
Future traffic volumes are projected to increase due to factors surrounding the given study area. For 
2045, a 20% growth rate is assumed to account for an increase in background traffic including some 
housing development in the region. 
 
Additionally, two parcels near the Indian Ripple Road and Alpha Bellbrook Road intersection are 
anticipated to be redeveloped soon:  Beavercreek High School on the southeast quadrant and a 
commercial development on the northeast quadrant. Traffic volumes for these developments were 
estimated and are included in Appendix B along with Design Year-2045 volume plates. 
 
CAPACITY ANALYSIS 
Intersections are graded using a level of service (LOS) designation expressed in terms of letter grades. 
Level of service is a quality measure describing operational conditions of a traffic stream with LOS A 
representing the highest quality traffic flow and minimal delay, and LOS F representing poor traffic 
operations, significant delay, and substantial queuing. Level of service is defined in terms of vehicle 
delay, as published in the Highway Capacity Manual. Levels of service thresholds are summarized for 
signalized and unsignalized intersections in Table 2. The unsignalized LOS thresholds apply to stop-
controlled intersections and roundabouts. 

TABLE 2: LEVEL OF SERVICE THRESHOLDS FOR INTERSECTIONS 

LEVEL OF SERVICE 
CONTROL DELAY (SEC/VEH) 
SIGNALIZED INTERSECTIONS 

CONTROL DELAY (SEC/VEH) 
UNSIGNALIZED INTERSECTIONS 

(STOP & ROUNDABOUTS) 

A ≤ 10 ≤ 10 

B > 10 and ≤ 20 > 10 and ≤ 15 

C > 20 and ≤ 35 > 15 and ≤ 25 

D > 35 and ≤ 55 > 25 and ≤ 35 

E > 55 and ≤ 80 > 35 and ≤ 50 

F > 80 > 50 
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Intersection capacity was evaluated to assess existing intersection operations and to identify  
deficiencies that may contribute to safety issues. Analyses were prepared using HCS 2022 software for 
existing year (2022), design year (2045) background, design year build and design year build with 
improvements scenarios. The levels of service and delay are summarized in Table 3. Detailed output 
reports are included in Appendix C. 
 
TABLE 3: FACTORY ROAD/INDIAN RIPPLE ROAD INTERSECTION – CAPACITY ANALYSIS 

Scenario 
EB 
approach 

WB 
approach 

NB 
approach 

SB 
Approach 

Overall 
Intersection 

AM Peak 
Existing-2022* A/8.5 A/7.5 C/16.0 C/18.7 NA 

Background-2045* A/8.9 A/7.5 C/19.7 D/26.7 NA 

Build-2045* A/9.0 A/7.6 C/22.2 D/30.4 NA 

Roundabout - 2045 A/4.8 A/8.8 A/4.1 A/6.1 A/7.2 

Signal - 2045 A/4.7 A/6.9 C/26.2 C/29.8 B/10.9 
Signal Plus East & 
West LT Lanes 

A/6.1 A/6.9 C/26.2 C/29.8 B/11.2 

PM Peak 
Existing-2022* A/8.0 A/7.9 C/18.2 F/56.8 NA 

Background-2045* A/8.3 A/8.1 C/23.7 F/564.8 NA 

Build-2045* A/8.3 A/8.2 D/26.4 F/600+ NA 

Roundabout - 2045 A/9.4 A/6.4 A/6.4 A6.4 A/7.7 

Signal - 2045 A/9.5 A/8.2 C/24.7 C/34.5 B/15.3 

Signal Plus East & 
West LT Lanes 

A/8.7 A/8.2 C/24.7 C/34.6 B/15.0 

Legend: A/10.0 – LOS/delay in seconds per vehicle 
* - The delay for east and west left turn movements is reported as approach delay under the two-way stop 
condition 
 
Existing Year & 2045-Background Conditions 
As shown, the Indian Ripple Road and Factory Road intersection operates at an acceptable LOS B 
during the existing year AM peak. During the PM peak conditions, a LOS F is experienced on the 
southbound approach. The southbound left turn is a heavy movement at this intersection. Under the 
design year 2045 background conditions, LOS D is anticipated during the AM peak, however during 
the PM peak, the delay for southbound approach will get significantly worse close to 10 minutes. 
 
2045 Build Conditions 
With traffic volumes from the two developments included, the southbound approach will experience 
over 10 minutes of delay during PM peak under the existing geometry and two-way stop control. Three 
build alternatives, a roundabout, a traffic signal only and a traffic signal with east-west left turn lanes 
were evaluated. All three build alternatives result in acceptable LOS. 

 A single lane roundabout 

 Convert the two-way stop control to a traffic signal while maintaining existing intersection 
geometry 

 The third build alternative includes traffic signal control and east-west left turn lanes.  
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SIGNAL WARRANT ANALYSIS 
Traffic signals should be installed only if an intersection meets at least one of the criteria specified in 
the Ohio Manual of Uniform Traffic Control Devices, Section 4C.02. The 2022 traffic volumes were 
evaluated at the study intersections against eight-hour, four-hour and peak-hour signal warrant criteria. 

 Warrant 1: Eight-Hour Vehicular Volume: This warrant requires traffic volumes on both the 
major and minor street approaches to satisfy minimum criteria for eight hours of an average day. 

 Warrant 2: Four Hour Volume: This warrant requires that for a minimum of four hours of an 
average day traffic volumes on both the major and minor street fall above the applicable curve in 
the attached figures. The Four-Hour signal warrant conditions are intended to be applied where the 
volume of intersecting traffic is the principal reason to consider installing a traffic signal. 

 Warrant 3: Peak Hour: This warrant requires that for a minimum of one hour of an average day 
traffic volumes on both the major and minor street fall above the applicable curve in the attached 
figures. The minimum side street volume is 75 vehicles in the peak hour. Warrant 3 is intended for 
use where traffic conditions are such that for a minimum of one hour of an average day, minor 
street traffic experiences undue delay when entering or crossing the major street. 

Warrants were evaluated based on existing year (2022) traffic volumes and high-speed criteria (70% 
Warrants) applicable for roadways with posted speed limits exceeding 40 miles per hour. Results 
indicate that a traffic signal is warranted based on Warrant 3, peak hour warrant as summarized in 
Table 4. Warrants 1 and 2 are not met. Detailed signal warrant worksheets are included in Appendix D.   
 
TABLE 4: FACTORY RD/INDIAN RIPPLE RD INTERSECTION – SIGNAL WARRANT RESULTS 

Warrant Type 
 

Hours Volume Criteria Met 
(70% Warrants) 

Warranted? (Yes 
or No) 

Warrant 1 (8-hour) (3 of 10-hour data met) No 

Warrant 2 (4-hour) (3 of 10-hour data met) No 

Warrant 3 (peak hour) (2 of 10-hour data met) Yes 

 
Typically, Warrant 2 (4-hour) or Warrant 3 (8-hour) must be met before a new signal installation is 
considered, not just the peak hour warrant (#3). With only a peak hour warrant being met, engineering 
judgement based on crash experience or other site constraints etc. is vital, and only after an affirmation 
that a traffic signal mitigates these adverse conditions that a new traffic signal is recommended.  
 
As the traffic volumes continue to grow with future development, the delay gets worse for the 
southbound approach and increases crash potential. A traffic signal is recommended at this time due to 
congestion and LOS F for the southbound approach during the PM peak. 
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CRASH ANALYSIS 

CRASH DATA 
Crash data was obtained from ODOT’s crash database for the study limits, encompassing a five-year 
period between 2017 and 2021. The OH-1 crash report for each documented crash was reviewed to 
confirm accuracy and to locate crashes properly within the study limits. Crash diagrams are included in 
Appendix E. 
 
A total of 22 crashes were reported within the study limits, 36 percent of the crashes resulted in injuries. 
The severity of injuries was noted as minor injury or possible injury. The following crash trends were 
observed: 
 

 Angle/left turn (68 percent or 15 crashes), rear-end (18 percent or 4 crashes) are the primary 
crash types as shown on Graph 1. 

 Non-fatal injury crashes are overrepresented in the study area (36 percent) when compared to 
statewide averages (29 percent) for urban four-way intersection with minor road stop control. 
High approach speeds and the side impacts in an angle crash are likely contributing factors for 
injuries. 

 Angle crashes (14 crashes): Eight angle crashes involved southbound and westbound vehicles, 
3 crashes each involved northbound and eastbound and southbound and eastbound vehicles. 

7 of the 14 angle crashes were reported during the PM peak, between 3 PM and 6 PM. Traffic 
volumes are the highest at this hour and the capacity analysis indicated LOS F for the 
southbound approach during the PM peak. Also, the travels speeds on the east leg were high as 
noted from the speed count. As westbound drivers approach Factory Road on a curve, 
southbound drivers may be incorrectly gauging speeds of approaching vehicles and chose 
smaller, insufficient gaps for a turn and resulting in a crash. 

 Age group: 10 crashes (45 percent) involved young drivers under the age of 25. 

GRAPH 1 – CRASH TYPE FREQUENCY 

 
 
Along with these crashes, local police and the Ohio State Highway Patrol have reported a few incidents 
that are only included in the local database and are not included in the above statistics. Three incidents 
were reported, two were property damage only and a third crash required driver assistance only. These 
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crashes were reported at 10 am, 7 pm and 8 am hours.  No additional description is available for these 
incidents. A summary of info is included in Appendix E along with crash diagrams. 
 
HSM ANALYSIS - EXISTING CONDITIONS 
The Highway Safety Manual (HSM) methodology based ODOT’s Economic Crash Analysis Tool 
(ECAT) analysis was conducted for the study intersection. The analysis estimated three factors:  Predicted 
crash frequency, Expected crash frequency and the Potential for Safety Improvement (PSI) and a 
summary is included in Table 5.  

TABLE 5: EXISTING CONDITIONS ECAT SUMMARY  

 

INDIAN RIPPLE & 
FACTORY 

INTERSECTION 
Predicted Average Crash Frequency 
(Npredicted) 

0.99 

Expected Average Crash Frequency – 
Existing Conditions (Nexpected, existing) 

1.46 

Expected Excess Crashes/  
Potential for Safety Improvement 

0.47 

 

The Expected and Predicted crash rates are low for this intersection, the PSI is 0.47 crashes per year. The 
ECAT output reports are included in Appendix F. 
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COUNTERMEASURES 

The following section addresses short term and medium/long term countermeasures that addresses 
safety and future capacity needs. 
 
SHORT TERM 

 Replace the existing ‘T-intersection ahead’ warning sign with a ‘4-leg intersection ahead’ 
warning signs on the east leg of Indian Ripple Road.  

 Evaluate and relocate the curve warning sign and advisory speed plaque assembly on the 
southwest quadrant away from the line of sight for northbound drivers. 

 Maintain clear sight triangles by clearing vegetation on the southwest quadrant 
especially during the warmer months. This also applies to northeast quadrant so drivers on 
Indian Ripple Road can see stopped cars on Factory Road that are waiting to complete a turn. 

 Traffic Signal: Install a traffic signal without changing intersection geometry. This 
alternative provides an acceptable of LOS B or better through the design year. 

 Speed Management: Based on the speed count, the 85th percentile speed of westbound 
vehicles on Indian Ripple Road approaching Factory Road is 58 MPH and at times average 
60 MPH. To address drivers speeding past the curve as they approach the bridge, install radar 
speed feedback signs and larger and dual intersection ahead warning signs with an advisory 
speed plaque or signal ahead flashers. The advisory speed should be such that drivers stop 
safely for a red signal at the intersection.  

The cost for short term improvements is $260,000 excluding annual vegetation maintenance. 

MEDIUM/LONG TERM: 
Two build alternatives: a roundabout and a traffic signal were evaluated as medium to long term 
improvements.  

 Roundabout:  

Roundabouts are often safer, more efficient avnd aesthetically appealing than conventional 
intersection designs. The number of conflict points at a traditional 4-leg intersection is 32 
whereas a roundabout is associated with 8 conflict points (Figure 7). Roundabouts mitigate 
crash frequency by reducing the number of conflict points. This design also reduces crash 
severity by facilitating lower travel speeds through the roundabout.  

FIGURE 7: INTERSECTION CONFLICT POINTS – TRADITIONAL 4-LEG VS ROUNDABOUT 
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However, a roundabout is not feasible at this intersection due to existing constraints:  the 
Little Miami River on the east side and a residential community at a higher elevation on the 
northwest quadrant. An alternative option to relocate the intersection further west was 
evaluated to avoid impacts to the Little Miami River bridge (Figure 8), this option was not 
considered as the impacts to the park district are significant and the realignment of Factory 
Road on the north leg also has significant impacts and damages to residential community on 
the northwest corner. 

 
 FIGURE 8 – ROUNDABOUT OPTION AWAY FROM THE LITTLE MIAMI RIVER BRIDGE 

 

 Add left turn lanes: Assuming a traffic signal was installed as a short-term measure, add left 
turn lanes on Indian Ripple Road approaches. This build alternative provides an acceptable 
LOS B or better. The intersection configuration is shown on Figure 8. The project cost for 
this alternative is $2.72 million and includes widening of the existing bridge over the Little 
Miami River. The safety benefit of this alternative is $315,000 and the safety benefit-cost 
ratio is 0.12. 

Detailed cost estimates and benefit-cost analysis reports are included in Appendix G.  
 
  




